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The domestic microwave oven is the most representative and widely using of 
high power microwave. In the cavity of the oven, microwave works in multi 
resonant modes, distributes as standing wave in the horizontal and vertical directions, 
and heats up the food by rolling the water molecule  times per second. 
Until now the food or others present in the microwave oven has been heated or 
ice-out uniformly for the inhomogeneous field in the cavity. There is an improving 
method to solve the uniform heating by a rotor to rotated the food on it. 
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We cooperated with Guangdong Midea Group to design a kind of thawing plate, 
which can make the frozen meat thaw homogeneously and quickly, and be cooked 
more conveniently. The other task is to design a kind of homogeneously heating 
plate, which can make the food be heated homogeneously, especially in the oven 
without rotor plate. 
On the basis of the microwave oven heating theory, the paper presents the 
mechanism of microwave oven heating and the application of microwave function 
ceramics in microwave oven, also the development of thawing plate and 
homogeneously heating plate. High Frequency Structure Simulator (HFSS) is used to 
simulate the electromagnetic field in of the microwave oven cavity with or without 
the meat and water. Based on the result of simulation and a lot of correspondent 
experiments, the design of microwave fast thawing plate and homogeneously heating 
plate were achieved successfully. The microwave fast defrosting plate has been put 
into trial manufacture in a small scale and will be in mass production recently. The 
homogeneously heating plate has fulfilled the target demand and needs some 
improvment before batch production. 
The first innovatiion of the paper is the means to get the homogeneous field in 
the cavity by energy seizing function of microwave ceramic. The microwave ceramic 
with higher permittivity was laid in the place with weaker field, or vice verse.  Such 
method interfered the standing wave in the cavity and excited more complicated and 














heating uniformity. The second innovationof the paper is theoretic calculation the 
temperature of a cup of water in the microwave oven cavity by HFSS, and the result 
was validated by the experiments. 
This paper contains following contents. 
The research background of microwave fast thawing plate and homogeneously 
heating plate is mainly summarized in part 1. The progress of the invention and 
development of microwave oven and the microwave dielectric ceramics are briefly 
expatiated too. It also introduces several parts of the theory of microwave oven 
heating including theory of microwave heating，the structure of microwave oven，the 
theory of microwave resonant cavity，the influencing factors of the inhomogeneity of 
microwave heating and the theory of the energy capture capability of microwave 
ceramics. The simulation software of electromagnetic field——HFSS is also 
introduced and its program composition, design and function characteristics are 
analyzed.  
The research of microwave fast thawing and heating plate is detailedly 
expatiated respectively in part 2. The demand of the project and the simulation of 
HFSS is introduced，and the experiments and the results of the project are given. 
Part 3 puts forward the stream-cooking microwave oven and multi-output 
microwave source shimming device. Finally it summarizes the work and points out 
the direction of researches in the future.  
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1966 年，仅有 1 万个微波炉在美国家庭中使用，其普及率低的原因主要在
于它的价格以及人们对微波的恐惧心理等，随着微波炉价格的降低，其家用微波
炉的销量在美国也逐渐增多。 
































差异，从而导致食品物料各部分升温的不同。   






















































λλ 空介 =                                           （1-2-1） 
式子中 介λ 为电磁波在介质中的波长； 空λ 为电磁波在空气中的波长； rε 为介
质材料的相对介电常数。 
因此，在同样的谐振频率 下，0f rε 越大，介质谐振器的尺寸就越小，电磁
能量也越集中与介质体内，受周围环境的影响也越小。这既有利于介质谐振器件
的小型化，也有利于其高品质化。 
（2）在微波频率下，介质损耗 δtg 要小，或品质因数Q（ δtgQ 1= ）应很高，
一般要求 >1000。在微波范围内Q fQ× 的乘积基本保持不变，它只与微波范围内
的频率有关。在微波炉中，高品质因数的陶瓷更不易因发热而炸裂。 
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